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Many other species besides Homo sapiens are tool-users and even tool-makers, but one aspect of material
culture still sets modern humans apart: our emotional and social engagement with objects. Here I argue
that this engagement acted as a crucial scaffold for the scaling-up of human social networks beyond
those of our closest relatives the chimpanzees to the global ‘small world’ of modern humans. Material
culture plays a vital role in conveying social information about relationships between people, places and
things that extend geographically and temporally beyond the here and now e a role which allowed our
ancestors to off-load some of the cognitive demands of maintaining such extensive social networks, and
thereby surpass the limits to sociality imposed by neurology alone. Broad-scale developments in the
archaeological record of the Lower Palaeolithic through to the early Neolithic are used to trace the
process by which hominins and humans slowly scaled up their social worlds.
© 2015 The Author. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction: the small worlds of humans
Homo sapiens are perhaps the most successful mammal species
ever. Over 7 billion humans are currently spread, albeit unevenly,
across every terrestrial habitat on Earth. However, despite this huge
number and vast geographical distribution, humans remain a
remarkably densely interconnected species. The concept of ‘six
degrees of separation’ popularized by the eponymous play and ﬁlm
(Guare, 1990, 1993) e the idea that our social networks connect us
to everyone else on the planet via an average of only ﬁve in-
termediaries (‘the friend of a friend … of a friend’) e originally
derived from sociological studies conducted by Milgram (1977).
Although these have since been criticised (Kleinfeld, 2002), more
recent work has provided some qualiﬁed support for the ﬁgure
(Watts and Strogatz, 1998; Leskovic and Horvitz, 2007), and indeed
provided even smaller ﬁgures, e.g. a ﬁgure of 4 from email chains
(Dodds et al., 2003), 4.74 from Facebook data (Backstrom et al.,
2012) and 3.435e4.67 from Twitter (Bakhshandeh et al., 2005;
Cheng, 2010). Regardless of the precise ﬁgure itself, it is clear that
even in a mind-bogglingly large and complex social world, humans
live in ‘small worlds’ of their own creation.
The implications of this observation are huge. The dense inter-
connectivity of human societies means that information, genes,
diseases and goods of all kinds ﬂow readily between individualstd. This is an open access article uand groups, criss-crossing the globe. On the negative side, such
interconnectivity means that the December 2013 outbreak of ebola
in Guinea, West Africa, reached Europe and the UK in just nine
months. On a more positive note, it also means that researchers
from multinational companies based in the US, Europe and Aus-
tralasia have been able to develop vaccines hoped to be in global
use within only two years of the initial outbreak (http://www.who.
int/medicines/emp_ebola_q_as/en/). Although this is a deliberately
dramatic example, it helps demonstrate that such a dense and
interconnected social structure is unlikely to be evolutionarily
neutral. I will argue here that strategies and mechanisms for large-
scale networking are a major novel evolutionary trait that evolved
in the hominin line speciﬁcally in order to extend social networks'
geographical and temporal reach. I suggest that, as with so many
other human behaviours, at ﬁrst our networking skills depended on
speciﬁc cognitive adaptations, but a neurological bottleneck ulti-
mately led to our advanced social networking skills being enhanced
by a range of externalized behaviours increasingly relying on ma-
terial culture, leading to the globally networked modern day soci-
ety we are so familiar with today.
2. Why network?
Humans are a highly social species, a characteristic inherited
from our primate ancestors. Many other species from lions (Packer,
1986) to cetaceans (Lusseau, 2003) by way of meerkats (Madden
et al., 2009, 2011; Drewe et al., 2009) and goats (Stanley andnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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is a highly adaptive strategy in many circumstances. Many evolu-
tionary ‘payoffs’ have been identiﬁed for group living, including the
potential beneﬁts of co-operative foraging, vigilance and defence
against predators, easy access to mates and alloparenting (see e.g.
Van Schaik, 1983; Chapman and Chapman, 2000; Kramer, 2010 for
discussion and references). However, social living is not all positive,
and costs include increased competition for mates and food, an
increased food budget for the group as awhole, the increased social
stress of group living, which may signiﬁcantly impact fertility
(particularly for low-ranked individuals; see Coward and Dunbar,
2014 for references) and the ever-present threat of the social
‘free-rider’, taking what s/he can get from the group without
contributing back (e.g. Dunbar, 1999).
A range of strategies help balance these costs and beneﬁts. In
particular, enhanced social ‘monitoring’ skills mitigate the negative
effects of free-riders by enabling individuals to keep track not only
of their relationships with one another and the payoffs of those
interactions (were sacriﬁces reciprocated?), but also others' re-
lationships with each other, thus allowing the ongoing ‘monitoring’
of others' reputations (Dunbar and Shultz, 2010, pp. 778).
Forging supportive coalitions and cliques is another such strat-
egy, allowing individuals to mitigate the increased competition and
social stress of life in large, complex groups (Dunbar, 1993). How-
ever, it could be argued that this is less a strategy than a logical by-
product of expanding group size. In any network, a linear increase
in the number of nodes results in an exponential increase in the
number of potential connections between those nodes. In a real-
world, ecological context such connections e potential relation-
ships e are not resource-neutral. Maintaining relationships re-
quires both time and energy (Roberts, 2010), and as groups expand
in size, keeping track of individual relationships imposes signiﬁcant
cognitive costs (Dunbar, 1993; Lehmann et al., 2007).
For many primates, and certainly for our closest living relatives
the chimpanzees (Pan troglodytes and Pan paniscus), the primary
mechanism by which relationships are negotiated and maintained
is ﬁngertip grooming. Grooming maintains hygiene, but also pro-
duces neurochemical rewardswhich cement relationships between
individuals who are subsequently more likely to support one
another in disputes (Dunbar, 2010). However, such personal, one-
to-one interactions take up time and energy in budgets that are
already stressed by the increased time required for feeding in larger
groups withmore stomachs to feed. Thus, as Dunbar and colleagues
have argued, grooming as a strategy for bonding groups quickly
imposes a signiﬁcant threshold for group size (Dunbar, 1992).
Thus as group size increases, individuals must increasingly
select only a small fraction of the potential whole onwhom to focus
their networking efforts. The size of ‘cliques’ or ‘clans’ formed of
individuals who groom one another regularly therefore decreases,
the number of such cliques increases, and the density and con-
nectivity of the group as a whole drops (Kudo and Dunbar, 2001;
Lehmann et al., 2010). Unless relationships are maintained be-
tween those cliques, the group will ﬁssion rather than expand.
The question is, how have some primates managed to overcome
these constraints to maintain larger, increasingly fragmented
groups? Indeed, I will argue that hominins and particularly humans
have turned such fragmentation into an adaptive trait in and of
itself.
The hypothesis forwarded by the ‘Social Brain Hypothesis’ (SBH)
is that more complex forms of social cognition are required among
species that must negotiate not only more social relationships, but
also e crucially e the increased social fragmentation and hence
more complex relationships with individuals that are not part of
your immediate clique (e.g. ‘friend of a friend’) that inevitably result
from increased group size (Dunbar, 2003). This more complexsocial environment, the SBH contends, is associated with larger
brain size (or indeed, vice versa).
Thus, in larger groups the social network that individuals must
construct via the relationships s/he pursues, among all the many
potential relationships available, necessarily comprises a series of
hierarchical levels. The number of individuals at each level in-
creases, while emotional intensity (and time and energy demands)
decreases. At the most intimate level, the most time and energy is
expended on just a handful (~5) of members of an individual's
intimate network, on whommost of the networking time budget is
lavished and from whom most support is received. At a more
distant remove, a ‘sympathy group’ or effective network of around
15 individuals take up a signiﬁcant amount of time and resources,
though fewer than the intimate network, and provide proportion-
ally less support in return; more distant still in social space are the
members of an individual's ‘band’, comprising around 50 in-
dividuals (see Coward and Dunbar, 2014, pp. 387 for references). Of
course, the individual members of these levels are not ﬁxed, but
change throughout life as individuals' situations (and those of the
others with whom they interact) change (e.g. Roberts, 2010;
Roberts and Dunbar, 2011).
Network levels of almost identical size and composition have
been identiﬁed among both chimpanzees and cross-culturally
among humans; our larger social group sizes are not different in
kind, but simply in terms of the number of hierarchical levels of
social distance we are able to maintain. Most famously, atop the
‘band’ level, humans have added an ‘active network’ of around ~150
individuals. Known as ‘Dunbar's number’, this is the number of
individual relationships, it is argued, that the size of our brain (or,
more accurately, the proportion of total brain size accounted for by
neocortex) allows us to track. Empirical research by proponents of
the SBH demonstrates this is an extremely signiﬁcant threshold in
human social groupings even today (Dunbar, 1993; Zhou et al.,
2005; Hamilton et al., 2007). However, it is also clear that
contemporary humans routinely maintain networks with many
more members than this, at commensurately lower levels of input
of time, energy and emotional investment. An ‘expanded network’
of ~400 individuals is frequently identiﬁed, and arguably further
levels exist beyond this, right up to the 7 billion ﬁgure with which
we started, connecting all humans into a giant globalized ‘small
world’ in which we can connect ourselves to almost any other in-
dividual via only ~5 intermediaries.
If the SBH is correct that cognitive evolution, as manifest in brain
size (or speciﬁcally, relative neocortex size) explains humans'
ability to operate easily in groups of up to ~150 individuals, a
question mark remains over how to explain the continued scaling-
up of our social networks beyond this threshold. Arguably the
outermost levels of this global network have only been added
relatively recently e in the last few thousand or even hundred
years. Nevertheless, the biggest increase in brain size/neocortical
proportion that occurred during hominin evolution in fact occurred
well before the speciation of modern humans, around 2e1.5 mya
among early hominin species such as H. erectus and
H. heidelbergensis (Gamble, 2010, Fig. 2.1; see also data in Miguel
and Henneberg, 2001). Indeed, Homo sapiens' brains are abso-
lutely smaller than those of our cousins Homo neanderthalensis
(Miguel and Henneberg, 2001), although brain shape and organi-
zation may have changed (Bruner, 2008; Pearce et al., 2013).
Thus the global expansion of Homo sapiens (beginning
~160e70,000bp; see below) post-dates any brain expansion: like-
wise, the development of long-term communities of considerably
more than ~150 individuals dates only to the early Neolithic
(~12,000e9,000BCE). During this period some communities are
estimated to have increased in size from around 18e59 people in
the Late Natuﬁan, to 1170e3822 in the Pre-Pottery Neolithic C
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(Rollefson and Simmons, 1986).
The development of truly ‘urban’ settlements or cities occurred
relatively rapidly thereafter: Uruk in Mespotamia is estimated to
have boasted ~80,000 inhabitants by 2800BCE (Modelski, 2003),
while by the 1st century BCE between 450,000 and 1million people
are estimated to have lived in Imperial Rome (Storey, 1997).
Although post-Roman Empire city populations were much lower,
modern cities have increased dramatically in size. The Tokyo
conurbation is currently home to around 38 million people and
Shanghai nearly 25 million.
Since these dramatic developments have not been accompanied
by any increase in brain size in recent human populations, the
question is: what strategies have supplemented brain expansion, in
order to allow this dramatic increase in the scale of human
interaction?
3. Material culture and the ‘release from proximity’
Key to this post-speciation geographical and temporal scaling
up of human social networks, I argue, is material culture. When
objects take on signiﬁcance beyond their immediate ready-to-hand
functionality, they begin to acquire other connotations and thereby
fulﬁl mnemonic functions, becoming externalized loci of memories
which act as ‘prompts’ for and records of the social relationships in
which those objects are entangled. They thus essentially ‘off-load’
the cognitively demanding task of monitoring those social re-
lationships (Coward and Gamble, 2008). It is important to note here
that by ‘off-load’ I do not mean to imply a passive practice; instead,
such distributed or external cognition is a highly active process in
which cognitive processes extend beyond the biological phenotype
to involve other media, not as passive depositories of information
but as active elements of cognitive processing (Hutchins, 1995;
Clark and Chalmers, 1998). The incorporation of physical along-
side the purely neurological manipulation of objects and concepts
thus opens up a range of new cognitive possibilities e as well as
potential new constraints.
Notably, the signiﬁcance of material culture in human cultures is
still one area that marks us apart from other primates. For humans,
objects habitually assume a signiﬁcance far beyond that of the
functional e indeed, at times far beyond the logical (e.g. Appadurai,
1986; Hoskins, 1998; Miller, 2008). Nor is this solely due to our
uniquely human capacity for symbolism (although chimpanzees,
and particularly captive and human-acculturated chimpanzees,
seem able to manipulate symbols in some contexts, their skills
appear to be limited to those of a two year old human child (Terrace
et al., 1979; Savage-Rumbaugh et al., 1986; Pinker, 1994, pp.
334e341; Lyn et al., 2011)). Material culture studies from across a
range of disciplines continue to demonstrate the signiﬁcance that
objects have for humans, even e perhaps especially e in the
twenty-ﬁrst century western world, and the vital role that gifting,
exchange and trade of such objects plays in all human societies, in
which the speciﬁc symbolic meanings of objects are only one
element. Thus I and colleagues have argued elsewhere that the
emotional engagement with objects is more signiﬁcant than sym-
bolism and language per se, and that this pre-datese and indeed, is
potentially an important pre-adaptation for e these capacities
(Coward and Gamble, 2010; see also papers in DeMarrais et al.,
2004; Malafouris, 2007).
There is however very little evidence that other animals,
including primates, habitually become attached to objects or assign
them any particular signiﬁcance beyond their immediate use-value.
There are some anecdotal reports of acculturated and language-
trained apes playing with and bathing dolls, stuffed toys etc. (see
summary in Gomez and Martín-Andrade, 2005, pp. 153e161), andof youngwild chimpanzees treating logs, sticks of wood or pieces of
coconut shell in similar ways to chimpanzee mothers caring for
infants (Gomez andMartín-Andrade, 2005, pp. 146). However, such
reports are rare, and the signiﬁcance of the objects themselves, and
the temporal and geographical extent of that signiﬁcance, remain
unclear.
Of course, the role of material culture in hominin evolution has
long been debated. The manufacture and use of tools by ‘man (sic)
the tool-maker’was held fromvery early on to be a uniquely human
trait setting us apart from our other primate relatives. However,
subsequent research has demonstrated sophisticated tool behav-
iours not just among the genus Homo (Heinzelin et al., 1999; Wood
and Constantino, 2007; McPherron et al., 2010; Marzke, 2013;
Skinner et al., 2015) or even among great apes (McGrew, 1992;
Schaik et al., 1996; Breuer et al., 2005) but also the much more
distantly related capuchin monkey (Visalberghi et al., 2013) and
many non-primate animal species, from elephants and dolphins to
New Caledonian crows, Egyptian vultures, sea otters and octopuses
(see e.g. Shumaker et al., 2011 for review and references). The
implication is that tool use per se is a highly adaptive strategy in a
range of selective environments.
However, some aspects of hominin tool use do point towards
some potentially signiﬁcant differences from that of other animals,
even at a very early stage. Most notably, the time-depth of inter-
action with the material seems to have been signiﬁcantly extended
among hominins in comparison to other animal tool-users. Reﬁt-
ting experiments have documented a greater understanding on the
part of hominins of the properties and fracture mechanics of stone
(e.g. Delagnes and Roche, 2005), suggesting some cognitive spe-
cializations were already in place during the Oldowan some
2.3 mya.
The time-depth of hominin material engagement also extended
considerably further than simply the manufacture and use of the
object. Chimpanzees overwhelmingly use stone sourced from their
immediate vicinity e usually within 20 m, and almost always
within 200 m though distances of >500 m have been reported
(Boesch and Boesch, 1984, Table 2). However, chimpanzees and
other primates including capuchins do return to nut-cracking sites
and re-use stones previously employed (Fragaszy et al., 2013;
Visalberghi et al., 2013), and recent research has also suggested
that apes may curate useful tools (e.g. Mulcahy and Call, 2006) and
possibly even ‘stockpile’ material for predicted needs, suggesting a
time depth of several hours for chimpanzee interactions with ma-
terial culture (Osvath, 2009; Osvath and Karvonen, 2012). Other
animals, notably New Caledonian crows, have also been docu-
mented to display ‘safe-keeping’ of tools, albeit over less than
15 min, though longer-term engagement may be within their
abilities (e.g. Klump et al., 2015).
In comparison, however, raw material transport data suggest
that even in the Oldowan early hominins travelled up to 1e5 km
and possibly even 10e13 km (e.g. at Kanjera South; Braun et al.,
2008 and references therein) to ﬁnd suitable raw material on
some occasions. In addition, while at some sites the debitage from
tool stone manufacture is not accompanied by the ‘ﬁnished prod-
uct’, at others, stone tools are not accompanied by any evidence of
manufacture in situ (Shick,1987), suggesting frequentmovement of
both raw materials and ‘ﬁnished’ products, though others argue
that some if not all manuports could be explained by non-
anthropogenic processes (de la Torre and Mora, 2005). Debate
continues about precisely how raw materials and stone tools were
incorporated into mobility patterns: some researchers suggest that
stonewas deliberately stockpiled/cached for future use (Potts,1984,
1988); others that e whether deliberate or accidental e accumu-
lations of used tools subsequently became resources in their own
right in a form of niche construction or stigmergy which then
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2005). In any case, it seems clear that even at this early stage of
hominin evolution stones and stone tools were routinely carried
around the landscape over much greater temporal and geograph-
ical scales than known for other primates.
Such frequent and sustained transport and curation suggests
that raw material and the objects made from it had plenty of op-
portunity to become linked in memory to those places where the
raw material was acquired, where the stone tools made from it
weremanufactured and/or where theywere used, or re-used, or re-
sharped, or found … Such activities would almost certainly have
been group activities involving multiple individuals, and in this
way, objects such as stone tools could have become mnemonic of
particular relationships.
The essential point here is that, unlike events, interactions and
relationships, stone (and to a more limited extent wood, bone etc.)
persists. It persists in space, so that it can be present at a distance
from the raw material source, the cache, the carcass; and it persists
in time, acting as an ongoing reminder of the events, interactions
and relationships it formed part of. As such, objects provide a
mechanism for the ‘release from proximity’ described by Gamble
(1998). This is crucial to maintain group bonds in larger, more
fragmented groups that would otherwise ﬁssion completely, rather
than persisting as ﬁssionefusion societies in which sufﬁcient con-
nectivity is maintained for periodic re-aggregations.
Today, technologies like Facebook, Skype or Twitter (discussed
further below) have been speciﬁcally designed to allow people to
network across time and space e however alongside these tech-
nologies, the exchange of material objects continues to perform
exactly the same function. Souvenirs remind us of places we have
visited and people we have met; postcards, gifts and cards sent on
occasions such as birthdays, holidays and other important life
events remind us of signiﬁcant others who may not be present;
heirlooms and inheritances remind us even of those who are dead
and gone. Such externalized loci of memory serve to outsource
some of the cognitive demands imposed by keeping track of re-
lationships not just among those individuals encountered every
day, but those who e as in larger, more fragmented ﬁssionefusion
societies e may often be absent, perhaps for extended periods of
time. Incorporating material culture into our social networks
therefore allows the construction of social networks which are
remarkably temporally and geographically extensive e indeed, as
we have seen, potentially global in scope.
It would be a stretch to argue that Oldowan tools fulﬁlled pre-
cisely this kind of a role. However, the differences in the way that
stone and stone tools seem to have been incorporated into hominin
lifeways, compared to chimpanzees' pragmatic attitudes to mate-
rial culture, do seem to represent a step towards this kind of ma-
terial engagement, and subsequent developments in material
culture demonstrate clearly the increasing signiﬁcance of such
mechanisms in hominin evolution.
4. The Acheulean and early expansion out of Africa
As noted above, the earliest hominins to expand their ranges
beyond Africa (Homo georgicus and Homo antecessor) already had
relatively large brains and hence presumably proportionally larger
neocortices, suggesting the potential for enhanced social cognition
and larger group size. However, it is notable that these early ex-
pansions out of Africa do not appear to be associated with Acheu-
lean technologies (Carbonell et al., 2010). One possibility is that the
groups represented by these sites had left Africa before the devel-
opment of Acheulean technology e and hence potentially also
before the requisite cognitive, technical and social skills had
evolved. An alternative possibility is that such groupsmay have lostwhatever skills they possessed during dispersal (e.g. Lycett and von
Cramon-Taubadel, 2008). Given the low density of currently-
known sites at this time, these are likely to have been small and
highly mobile ‘pioneer’ groups, and extensive modelling simula-
tions suggest that such groups are less likely to be in sufﬁcient
contact to maintain minimum ‘effective’ group size at the regional
scale. Hence are much more likely to ‘lose’ more complex skills
through stochastic processes such as the unexpected death of
specialist lithic manufacturers in accidents (Shennan, 2001;
Henrich, 2004; Powell et al., 2009, 2010; though cf. Read, 2012).
In either case, it does seem suggestive that these early Euro-
peans clearly remained at low densities across the region for some
time. Indeed, some archaeologists argue that at least some local
groups may have gone extinct relatively quickly (Dennell, 2003).
The cannibalism practised at Atapuerca, for example, has been
interpreted as a response to severe caloriﬁc restriction rather than
for any more symbolic reason (Fernandez-Jalvo et al., 1999),
perhaps suggesting that these hominin groups were rather poorly
adapted to high-latitude environments (Dennell, 2003). The much
more obviously ‘successful’ Eurasian expansion by Homo hei-
delbergensis which followed, in contrast, left evidence across the
region at a much denser level e signiﬁcantly, this time, accompa-
nied by abundant evidence of handaxes.
The appearance of handaxes is often interpreted as evidence for
more advanced cognitive skills, for example demonstrating the
existence of abstract ‘mental templates’ (see e.g. Malafouris, 2013;
Cole, 2015 for discussion and references), or stimulating new
neuronal connections or ways of thought that may ultimately have
provided pre-adaptations for language (Byers 1999; Stout et al.,
2008; Uomini and Meyer, 2013). Such arguments remain contro-
versial, but for many, the additional effort required to produce
bifacially worked tools is suggestive of a signiﬁcance to the object
that goes beyond the functional. Some handaxes seem to have been
made with considerable care for their aesthetic properties; some
contain fossils carefully framed centrally by subsequent working;
some are too large to be comfortably used for any conceivable
practical purpose; some are found in striking contexts, e.g. the
famous ‘Excalibur’, a handaxemade of distinctive rose quartz which
was the sole piece of lithic technology recovered from among the
remains of several hundred late Homo heidelbergensis and early
Neanderthals recovered from the Sima de los Huesos (‘pit of the
bones’) at Atapuerca, a context which perhaps suggests some sig-
niﬁcance to its deposition at least that goes beyond the purely
functional value of the item itself (Carbonell et al., 2003); for
further arguments about non-functional roles and meanings of
handaxes, see e.g. Byers, 1999; Kohn and Mithen, 1999; Wynn,
2002, pp. 397; Machin et al., 2007; Porr, 2005; Pope et al., 2006;
Cole, 2014; though see also e.g. McPherron, 2000.
However, I would argue the speciﬁc cognitive skills and poten-
tial cultural meanings of handaxes are secondary to the role these
objects now played in mediating social relations, and that any
speciﬁc cultural or potentially even symbolic meanings that may
have become attached to them derive primarily from this social
function (cf. Gell's argument for the signiﬁcance of effect over
meaning; 1998). Acheulean technology requires advanced social
learning abilities to acquire: the handaxe is an ‘opaque’ object
difﬁcult to retro-engineer, in part because early stages such as
‘roughing out’ are not easily understood in immediate functional
terms but only comprehensible in the light of later stages of the
production sequence. Thus learning to make one potentially re-
quires social cognitive skills currently beyond those documented
for chimpanzees, such as joint attention (Carpenter and Tomasello,
1995) and, furthermore, three-way joint attention between expert,
novice and object (Matsuzawa, 2007) and perhaps even Theory of
Mind (see e.g. Petraglia et al., 2005, pp. 214e7; Roux et al., 2005;
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cussion; though see also e.g. Coolidge and Wynn, 2011). Thus in-
dividual objects are entangled from the ﬁrst in the social
relationships required to learn and develop the technological skills
they require, and it is easy to see how objects are likely to become
mnemonic of the particular social relationships involved in their
production: physical tokens of social relations.
The painstakingly acquired skills of handaxe manufacture are
also likely to be important signiﬁers of individuals. Among modern
humans very few individuals progress to the level of skill required
to make a handaxe e although one could of course argue that
modern humans, with easy access to B&Q and Tesco, are simply not
sufﬁciently incentivised. However, it may be the case that in
hominin societies only some individuals were ever able to become
‘expert’ knappers, either because of particular innate ‘talent’ or the
wherewithal (and support from others) required to put in the
necessary hours of practice (Sinclair, 2015). Markedly variable
expertise would have been a potential individual signiﬁer dis-
tinguishing particular individuals (perhaps much as other in-
dividuals were expert hunters, gatherers, or shamans, or had
fathered or borne many children). It may have been a skill to be
proud of: something that could be used to attract prestige, better
resources and/or mates (cf. Kohn and Mithen, 1999). Thus, skill in
manufacturing material culture became not only a mediator of
social relations, but also potentially a signiﬁer of speciﬁc social roles
and statuses.
The signiﬁcance of such developments becomes clear when one
considers the demands placed on hominins' social skills and social
networks by the higher latitude environments of Eurasia, and
particularly of northwest Europe. At higher latitudes, the reduction
in insolation and increased seasonality correlates with a decline in
vegetation, while the vegetation that is present is often not in a
form accessible directly to hominins. In order to expand into these
environments, hominins needed to access the environments' en-
ergy stores at the next trophic level, i.e. by signiﬁcantly increasing
the proportion of animal protein in their diets (Gamble, 1993, pp.
199; Pearce et al., 2014).
Because of the signiﬁcant loss of energy at each trophic level of
an ecosystem, animals are much more thinly and patchily distrib-
uted across the landscape in both time and space than are plant
foods. In the open grasslands of Pleistocene northern Europe during
which expansion occurred, most animal biomass came in the form
of large groups of ungulates which migrated seasonally across vast
grasslands. To be successful in such environments, hominin groups
needed to square the circle of increased home ranges, highmobility
and low population densities, while at the same time maintaining
broader networks sufﬁciently large to maintain viable breeding
demes and to maintain the sophisticated hunting technologies
essential for survival at high latitudes. This involves being able to
call on sufﬁcient personnel to mount co-operative, communal
hunts (an adaptive strategy when predating on herd animals in
open landscapes); share information on environments, prey and
predators, aka ‘topographic gossip’; and also share more tangible
goods such as raw material and foods as risk buffering social stor-
age against potential lean times ahead, during which the other
group might be called on to reciprocate (Pearce et al., 2014). A
ﬁssionefusion style of social organization, in which groups aggre-
gated in favourable locations and at favourable times and dis-
aggregated during leaner periods, would have allowed this
ﬂexibility (Grove, 2012; Grove et al., 2012) e but as we have seen,
places considerable demands on social cognition that would have
been signiﬁcantly offset by increasingly incorporating material
culture into social systems.
In this scenario, the hard cognitive work of remembering in-
dividuals, favoured hunting grounds or raw material sources etc.not encountered for months is ameliorated by ‘off-loading’ mem-
ories onto objects playing mnemonic functions. Such objects
remind individuals of others who may have made, gifted or
exchanged the object or taught them the necessary skills to make it
themselves (Pope et al., 2006); hunted or scavenged alongside
themwhile using the object; travelled with them to quarry the raw
material, or traded that rawmaterial etc.; and/or reminded them of
the places and species encountered during those interactions. Of
course, some individuals in the group e men or women who had
‘married’ in from other groups, potentially even children serving
‘apprenticeships’ or being fostered, may also have acted as living
reminders of other groups and the links forged with them.
Many material objects were left behind at hunting or butchery
or scavenging locales; however, this does not necessarily represent
an abandoning of those memories, as the objects themselves form
only one part of the broader externalized mnemonic system of
these hominins e the locales at which objects were discarded may
have been favoured places, visited and revisited by the same group
or indeedmultiple groups over time, potentially acting as stimuli or
locales for periodic reaggregation (Grove and Dunbar, 2015).
‘Abandoned’ objects would have provided not only functional op-
portunities to re-use objects but also crucial information on what
other groups were operating in the landscape and their activities,
and thus functioned as inter-group mnemonic prompts instanti-
ating memories of those other groups and potentially even in-
dividuals (Pope and Roberts, 2005).
In this way, then, material objects acted to scaffold social net-
works. Rather thanmaintaining their entire social networks even in
brains that had expanded signiﬁcantly since the split from the
chimpanzee lineage, these hominins were increasingly able to off-
load some of that computational load e the mobility, divisibility
and longevity of much material culture make it ideal for helping to
maintain the complex social relationships required by patchy local
environments. Indeed, it could be argued that successful expansion
into these more demanding high-latitude environments was not
possible until such a stable mechanism for achieving this had been
found (Gamble, 1999).
5. Prepared-core technology and Neanderthal material
culture
If Acheulean technology requires high levels of technical and
cognitive skill, then the demands of prepared-core technology
(PCT), known from Africa and Eurasia after around 300bp
(Ambrose, 2001) and most commonly associated with the Middle
Stone Age (MSA) in Africa and the Middle Palaeolithic of Nean-
derthals in Europe, are commensurately higher. PCT undoubtedly
requires considerable forethought and planning as well as technical
skill (Schlanger, 1996; Wynn and Coolidge, 2004; Eren and Lycett,
2012), which of course places further demands on the social skills
required to learn and teach. If a case can be made that the Acheu-
lean requires Theory of Mind, it would seem a fundamental
requirement for PCT.
In addition, the products of PCT were often hafted as part of
multi-component tools. The impressive cognitive and technical
accomplishments signalled by composite technologies have been
detailed elsewhere (Barham, 2010; Wragg Sykes, 2015). Here I am
more interested in the implications of increasing levels of invest-
ment in individual objects, and of the increased scale of social
connections implied by the multiple chaînes operatoires of com-
posite technologies.
These are no disposable tools, but ones which may have been
curated with care, perhaps becoming important and prized pos-
sessions. Although recent work has provided an important check
on an all-too-common archaeological tendency to focus on big-
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2014), it is clear that Neanderthals were high-level carnivores
(Richards et al., 2000; Richards and Trinkaus, 2009). Indeed, it is
difﬁcult to see how they could have survived in Pleistocene Europe
without being adept hunters, and in such circumstances it would
seem likely that hunting (and potentially indeed gathering) toolkits
would have assumed considerable signiﬁcance.
Regardless of the ongoing debates surrounding the particulars
of Neanderthal foraging strategies, it is clear that Neanderthals
expended considerable effort on hunting and presumably also
gathering. The necessary equipment may thus have assumed some
importance: certainly evidence of repair and recycling of handaxes
at sites like Lynford (White, 2012) suggests at least some curation,
with some tools apparently carried some considerable distances
across the landscape (Turq et al., 2013). It is pure speculation to
wonder whether individual spears or points acquired histories of
their own; however, certainly favoured lithic resources seem to
have acquired some reknown among Neanderthal groups.
Although local material fromwithin 5 km and certainly 20 kmwas
predominantly used (Fernandes et al., 2008; Turq et al., 2013),
material from some ﬂint sources, especially those with easily
identiﬁable colouring/inclusions etc. e e.g. Bergerac ﬂint e now
circulated up to 100 km in southwestern France and 300 km in
central Europe, where environmental conditions were harsher
(Feblot-Augustins, 1993,1997), arguably providing a proxy measure
of the geographical scale of Neanderthal social networks (Gamble,
1996; Gamble and Steele, 1999; Pearce and Moutsiou, 2014).
Debate also continues over the mechanisms by which this ma-
terial travelled within this network. Neanderthal individuals or
groups may have made speciﬁc trips to distant locales to collect
particular kinds of raw material, or exchange relationships may
have operated between and among Neanderthal individuals and
groups along which raw material may have simply been one
element. Alternatively, mobility patterns over the course of a year
or more would have encompassed a large territory and multiple
different potential sources of raw material, some of which were
preferentially curated after being collected en route (Feblot-
Augustins, 1993; see Mellars, 1996, pp. 163, for discussion).
Regardless, preferential utilization of resources transported from
greater distances (Geneste, 1988a, 1988b; Kuhn, 2011) suggests not
only appreciation of different functional qualities of raw material
and willingness to expend energy and resources on obtaining
better material, but also individuation of some resources and ob-
jects as ‘exotic’ and ‘rare’.
In addition, Neanderthals would almost certainly have noticed
differences between individuals in terms of their hunting, gath-
ering and/or lithic manufacturing prowess, contributing further to
individual identities that may have gained traction beyond local
groups. There is also, of course, intriguing e though controversiale
evidence for the deliberate manipulation of material resources in
the service of creating identities. There is increasing evidence of
Neanderthal exploitation of birds, especially raptors and corvids, to
obtain wing feathers in particular e and furthermore, feathers of a
particular colour or range of colours (Peresani et al., 2011; Finlayson
et al., 2012). Ochre, sometimes in the form of ‘crayons’, is another
relatively common ﬁnd at Neanderthal sites; jewellery is poten-
tially associated with Neanderthal remains at the Grotte du Renne
of Arcy sur Cure (Hublin et al., 1996; although these have recently
been questioned due to concerns about potential disturbance;
Higham et al., 2010; though cf. Caron et al., 2011; Hublin et al.,
2012), while ﬁnds of pigment-stained perforated (albeit naturally
perforated) cockle shells are known from other Neanderthal sites
(Zilh~ao et al., 2010). While there may be functional explanations for
some such ﬁnds e for example, ochre could have been used as
insect repellents or in tanning and/or and composite technologyrather than in bodily decoration (d'Errico et al., 2010)e if such ﬁnds
are accepted at face value they would suggest deliberate use of
material culture to manipulate perceived bodily identities, pre-
sumably to enhance social interactions.
Such practices are more common in larger, more socially com-
plex groups e indeed, arguably, they are what allow such groups to
develop in the ﬁrst place. Individuals in small-scale societies
engage in extremely complex social interactions and relationships;
however, these tend to involve individuals who are very familiar
with one another, and who are therefore able to rely on ‘restricted’
codes of behaviour (Bernstein, 1964; Coser, 1975, pp. 254; cf. Hillier
and Hanson, 1984, pp. 236; Wilson, 1988, pp. 101) involving mainly
interpretation of bodily hexis such as gestures, expressions, bodily
postures and movements (Gamble, 1999, pp. 49e51) e and
potentially of course also language, though we cannot assume this
for Neanderthals. Scaling societies up, however, requires more
‘elaborate’ codes to compensate for the greater likelihood of
increased social distance between interactants. Such codes must
thus rely much more heavily on elaborate material culture. If
increasing use of material ‘props’ such as jewellery, feathers and
pigments can be demonstrated for Neanderthals, it may suggest an
enhancement of ‘restricted’ codes of primarily bodily communica-
tion, perhaps driven by the need for ‘special’ occasions involving
the aggregation of more individuals than usual in order to maintain
social networks that had been scaled-up relative to those of earlier
hominins.6. Upper Palaeolithic material culture
It is notable that the material cultures of early Homo sapiens do
not immediately seem to represent a dramatic break from those of
their forebears. Genetic data points to speciation at around
200,000BP (Pearson, 2004;Weaver and Roseman, 2008), consistent
with fossil data, particularly the skulls from Omo (~195,000bp) and
Herto (~160,000bp) (Br€auer, 2008). Nevertheless, the physiological,
behavioural and material culture traits characteristic of Homo sa-
piens develop over extended periods of time in Africa (McBrearty
and Brooks, 2000; though cf. Shea, 2011). Early populations in Af-
rica and the Near East continue to use mode 3 lithic technologies,
and although ﬁnds such as those from Blombos Cave (~75 ka;
d'Errico et al., 2005; Henshilwood et al., 2001, 2009) do seem to
demonstrate some changes in terms of the complexity material
culture integrated into Homo sapiens' lives, such ﬁnds remain
limited until much later.
Given the success of earlier hominins at high latitudes, we can
assume that many of the cognitive and socio-ecological re-
quirements for high-latitude success were already in place.
Nevertheless, Homo sapiens groups did not disperse beyond Africa
until some time after speciation. Sites on potential routes out of
Africa such as Jebel Faya in the United Arab Emirates, dating to
around 125,000bp (Armitage et al., 2011), and beyond Africa at
Jwalapuram in India before 77,000bp (Petraglia et al., 2007) and in
Australia before ~60,000bp (O'Connell and Allen, 2004), perhaps
suggest dispersal began earlier than previously thought. However, a
lack of fossils at some sites and disputes over dating at others
makes much of this early evidence controversial (Dennell and
Petraglia, 2012), though some recent genetic data also suggest
relatively early dispersal between 95 and 62,000bp (Fu et al., 2013)
and a palaeoecological window for dispersal has been identiﬁed at
105e97,000bp (Grove, 2015). However, the bulk of the archaeo-
logical evidence dates to rather later: post 45,000bp (O'Connell and
Allen, 2004; Shea, 2008), suggesting that any earlier dispersals
were limited in terms of numbers, extent and indeed success (Shea,
2003; Mellars, 2006).
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earlier? One difference from earlier dispersals is that this time
many areas were already occupied by other hominins. Even
assuming low population densities on the part of the previous
occupants, these species would have represented an element of
much more direct competition than had been the case during
earlier dispersals.
One suggestion is that a vital pre-adaptation for dispersal by
Homo sapiens was a genetic mutation associated with rapid
cognitive development underpinning new symbolic capacities,
language, art etc. (e.g. Klein, 2008), which resulted in the ‘creative
explosion’ of the Upper Palaeolithic ‘revolution’. Such a mutation
may have spread rapidly during a severe genetic bottleneck some
geneticists believe occurred among Homo sapiens in Africa, which
reduced numbers to perhaps as few as 10,000 individuals (see e.g.
Williams et al., 2009 for review and references). However, there is
little evidence for a ‘creative explosion’ until the admittedly dra-
matic ﬂorescence of art in the European Upper Palaeolithic post
~45,000 bp, while modern human populations across the globe,
including groups that reached Southeast Asia long before modern
humans arrived in the remote cul-de-sac of western Europe, are the
same species and share the same cognitive capacities. Thus a late
mutation responsible for artistic ability seems an unlikely expla-
nation for a dispersal which began much earlier.
An alternative explanation focuses on the ecosystemic changes
precipitated by the eruption of the Toba supervolcano in Indonesia
~73,000bp. Volcanic ash clouds are likely to have caused severe
drought conditions in South and East Africa, and may be the ulti-
mate cause of any dramatic decrease in population density
(Ambrose, 1998), although the extent of its impact e both ecolog-
ically and on human populations speciﬁcally e remains unclear
(Ambrose, 2003; Gathorne-Hardy and Harcourt-Smith, 2003;
Haslam and Petraglia, 2010; Williams et al., 2010). In this scenario,
faced with rapid declines in population density and difﬁculty in
ﬁnding food, it would have been increasingly adaptive for Homo
sapiens to up their networking game (Ambrose, 2002). In order to
survive e to gain access to ever-more-scarce and patchy resources,
crucial information about the environment, and increasingly rare
potential mating partners e humans needed to negotiate and
maintain social networks over a great temporal and geographical
scale than ever before.
Previous hominins had achieved this through expanding their
neocortices. However, there is considerable evidence that the
brains of modern humans are reaching, or have already reached,
limits as to how far they can be scaled up. Expanding brains may
have been offset in earlier hominin evolution by efﬁciency savings
elsewhere, particularly via changing diets (Aiello and Wheeler,
1995), adopting cooking (Wrangham et al., 1999) etc. However,
large brains are energetically expensive and cannot store energy:
maintaining a supply of energy for the synthesis of complex
neurotransmitter chemicals accounts for an increasingly signiﬁcant
proportion of the human energy budget as brains expand. Larger
brains also generate greater heat that must be dispersed effectively
to reduce thermal overload (Cochrane et al., 1995). However,
increased latency and crowding represent perhaps more signiﬁcant
constraints to increasing brain size. In larger brains, action poten-
tials must travel greater distances, increasing conduction time
(Klaas, 2000). Processes such as gyriﬁcation and myelination bring
densely connected regions physically closer together and insulate
and speed up long-range signalling (Barton, 2006; White et al.,
2009). However, these solutions are costly and exacerbate crowd-
ing problems: myelination expands the diameter of axons, while
increasing the number of neurons proportionally increases the
number supporting glial cells and axons needed to maintain con-
nectivity between them (Sherwood et al., 2006). Thus evenmarginal increases in grey matter result in signiﬁcant increases in
skull size, with potentially signiﬁcant ramiﬁcations for reproduc-
tive success, both because of the difﬁculty of parturition and the
energetic cost of the extended period over which immature infants
must be nurtured subsequently (Coward and Grove, 2012).
Furthermore, the complexity of connectivity in such large brains
and the increasingly extended periods of development required
(Coward and Grove, 2012), may render larger brains more vulner-
able to developmental perturbations such as those associated with
Autistic Spectrum Disorders or schizophrenia, as well as to
degenerative conditions such as Alzheimer's disease and multiple
sclerosis etc. If human brains have reached natural scaling limits
(Cochrane et al., 1995; Hofman, 2001), then further expansion
would likely increase the prevalence of such conditions; any gains
in ‘brute size’ computing power would likely be increasingly mar-
ginal, and indeed ultimately maladaptive.
For a solution, we only need to look at the analogous case of
‘artiﬁcial’ computing technology. Only 50 years ago the world's
most advanced computers ﬁlled entire rooms, or indeed buildings.
Today a single smartphone famously contains more computing
power than the Apollo rocket. Reductions in the size of components
are one explanation, but equally signiﬁcant has been the rise of
networked computing technology. Once computation is networked
and computing power distributed via hardwired cable or wireless
technology, individual ‘units’ no longer need to store all relevant
information locally. Similarly, I would argue, humans were able to
complement their brainpower by relying increasingly on the
mnemonic, metaphorical and indeed at some point symbolic
properties of material culture: off-loading and externally
networking social e and ecological e information and thereby
reducing the marginal cost of negotiating and maintaining the
increasingly extensive social networks that may have been required
during the Late Pleistocene, providing them with the edge they
needed to expand successfully beyond their ancestral African en-
vironments. While the precise dating of the Toba eruption and its
environmental consequences remain unclear, it is apparent that
such skills would have been highly adaptive during the climatic
ﬂuctuations of the Late Pleistocene and the downturn towards the
Last Glacial Maximum (LGM).
Such enhanced networking behaviours may well, of course, ul-
timately be associated with enhanced forms of social cognition
such as symbolic capacities and more complex forms of language.
However, such adaptations are much more likely to have been
selected for within lifeways in which the social behaviours funda-
mental to ‘networking’ were already well developed; thus, I would
argue, they are unlikely to have involved, any sudden step-changes
in cognitive function (e.g. Hodder, 1994). For example, from around
47,000bp in the Near East, mode 4 (‘blade’) technologies make their
debut in the form of the Initial Upper Palaeolithic (Bar-Yosef and
Kuhn, 1999; Kuhn and Zwyns, 2014). However, there is no cer-
tainty that all the technologies currently grouped under this name
were made by the same species, no sudden and monolithic shift
from earlier technologies to ‘volumetric’ blade production tech-
niques (see refs in Coward and Gamble, 2010, pp. 51). Hence claims
that this technological shift in emphasis marks a signiﬁcant
cognitive leap forward in Homo sapiens compared to previous
species are difﬁcult to support (Bar-Yosef and Kuhn,1999; Kuhn and
Zwyns, 2014). The sophistication of prepared-core technologies
demonstrates sophisticated spatial and volumetric cognition much
earlier, and increased efﬁciency of mode 4 technologies has yet to
be clearly demonstrated (see references in Coward and Gamble,
2010, pp. 51; though see also Bar-Yosef and Kuhn, 1999, pp. 324).
A shift towards the ‘reliable’ technologies adaptive in high-latitude
environments, with standardised and thus readily replaceable ar-
matures (Bleed,1986), seemsmore persuasive as an explanation for
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gested that the ‘big deal about blades’ might be the ability to pro-
duce multiple standardised blades for distribution around social
networks e that the social and networking signiﬁcance of these
technologies e the production of large numbers of readily
exchangeable objects e may be at least as important as their
functional use (Coward and Gamble, 2010). Such an interpretation
may explain the sporadic outbreaks of similar (if not identical)
‘blade’ technologies among earlier populations, for example in MSA
Africa and potentially also among some Neanderthal groups in the
shape of the Cha^telperronian, Uluzzian, Szeletian etc. (d'Errico
et al., 1998; though see also Benazzi et al., 2011; Higham et al.,
2010 and responses by Hublin et al., 2012; Zilh~ao et al., 2015).
Such intensive ‘networking’ practices may have been more adap-
tive in particular regions at particular times, potentially afterwards
dropping out of common practice for a variety of reasons. For
example, the costs involvedmay no longer have been sustainable in
changed ecological situations, good quality raw material may have
been less readily available, or the required skills may have been lost
in populations which were still perhaps thinly distributed and
patchily networked.
Thus at ﬁrst, Homo sapiens' enhanced ability to use material
culture to network effectively across time and space may not have
given them that much of a ﬁtness advantage over their fellow Eu-
ropeans the Neanderthals. The rapid and relatively patchy spread of
the early Aurignacian across Europe points to relatively low pop-
ulation densities among the incomers (Davies, 2001). Since the
low-latitude tundra environments of this time were relatively
productive, competition may have been minimal. However, as en-
vironments took a turn for the worse competitionwould inevitably
have become more intensive, and here the greater capacity for
long-distance and long-term networking afforded by modern
humans' intensive reliance on material culture may have ﬁnally
tipped the scales in their favour. As Neanderthals' numbers
declined and populations grew patchy they would have been less
and less able to maintain effective social networks. In contrast,
where modern humans were forced to live at lower population
densities, material cultures could be used in more complex ways to
mediate networking among and between groups, providing
mechanisms for groups to recognise and hence negotiate and trade
and exchange resources such as food, information and mating
partners among one another.
Raw material of diverse kinds was now transported and/or
traded over increasingly large distances; although early Upper
Palaeolithic sites do not show much increase, by the Late Upper
Palaeolithic the proportion of material moving over 200 km rises
signiﬁcantly (from ~2 to ~19%; Gamble, 1999, Fig. 6.13), with some
shells possibly moving up to 800 km (Floss, 1994) e though of
course the most ‘exotic’ material still makes up only a very small
proportion of raw material and tools. More detailed studies of the
better-preserved evidence also now provide tantalising glimpses of
more speciﬁc networks. For example, a necklace of red deer canines
from the Aven des Iboussieres in southeastern France shows sig-
niﬁcant raw materials were accumulated over considerable dis-
tances; in addition, more than 90% of the canines comprising the
necklace were not accompanied by the paired tooth. The missing
‘twins’ travelled elsewhere e but perhaps still retained mnemonic,
metaphorical and potentially symbolic links with their distant
partners, linking the ‘owners’ and/or bearers of the necklace with
others across southwest Europe. The teeth were also decorated
and/or perforated by multiple distinct individuals, consistent with
‘a network of gift exchanges involving a number of persons’
(d'Errico and Vanhaeren, 2002, pp. 229). Similarly, although rather
later in date, ‘Venus’ ﬁgurines may have been used to negotiate
relationships between individuals and groups in the extremelychallenging environments of Eurasia around the height of the LGM
and its immediate aftermath (Gamble, 1982).
Similarly, rather than a ‘creative explosion’ powered by the
abrupt evolution of the cognitive capacities for symbolism or lan-
guage, the elaborate artistic endeavours of the European mid and
late Upper Palaeolithic are most persuasively seen as a means of
mediating social relations between and among groups at a time
when populations increased in density in refugia such as southern
France and Spain. As noted above, ‘elaborate’ social codes sup-
ported by reliance on material culture are a characteristic of larger-
scale, more permanent societies. Furthermore, living at high den-
sities imposes all of the cognitive stresses of large group size and
concomitant fragmentation (living cheek-by-jowl with potential
strangers) without the safety valve of periodic ﬁssion, and thus
causes signiﬁcant social stress (e.g. Coward and Dunbar, 2014). The
remarkable ﬂorescence in parietal andmobiliary art at this time can
thus be viewed as a response to denser social ‘packing’ and the
consequent need for individual and group identities to be estab-
lished, negotiated and maintained (Conkey, 1985) in the face of
what must have been at some periods signiﬁcant competition for
the rich and geographically and temporally restricted resources of
the region, e.g. major migration routes and productive salmon runs
(Mellars, 1985). The speciﬁc symbolic, metaphorical etc. meanings
of the art may be forever lost to us. Nevertheless, extensive
ethnographic work among modern humans demonstrates similar
use of art and material culture to negotiate identities and re-
lationships among and between groups (Hodder, 1979, 1982;
Weissner, 1984, 1998).
The achievements of Homo sapiens and our status as the ‘last
hominin standing’ may thus owe less to what is inside our skulls
than to the material environments we create. Incorporating more
and more material culture into our social networks allowed us not
only to expand into challenging environments, like our ancestors,
but to thrive and survive in the face of extreme challenges posed by
Late Pleistocene environments, and ultimately to out-network our
less socially-adept rivals.
7. Epipalaeolithic and early Neolithic developments
Such developments do not of course mark the end-point of
human reliance on material culture to run our social lives. As noted
above, arguably the biggest scaling-up of networks in human his-
tory occurred after the Palaeolithic, during the Epipalaeolithic and
early Neolithic, ﬁrst in the Near East and later elsewhere. During
this period, some groups became increasingly sedentary and
expanded dramatically in size to become deﬁnitive villages, ulti-
mately e but signiﬁcantly not initially e supported by agricultural
lifeways. Notably, these developments are associated with another
perceived ‘explosion’ in material culture (Renfrew, 2008, 2043; see
also references in Coward, 2013, pp. 247).
I have argued elsewhere (Coward, 2010) that material culture
was also fundamental to this dramatic and far-reaching develop-
ment in social organization. The hierarchical nature of social net-
works means that increasing group size resulted in individuals
being familiar with only increasingly small proportions of the
overall group. Living in at least semi-permanent villages, however,
they were nevertheless required to interact on a daily basis with
virtual strangers e potentially stressful, complicated and liable to
strain the fabric of social order to the point of ﬁssion. The use of
material culture environments made this considerably easier by
off-loading some of the social cues required (Altman and Lett, 1970,
Fig. 1; Rapoport, 1981, pp. 30, 1990, pp. 16; Strum and Latour, 1987;
Sanders, 1990, pp. 71; Gamble, 1998; papers in Kent, 1990 in
reference to architecture). Information about the relative roles and
statuses of unfamiliar others was increasingly conveyed bymaterial
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a process that arguably began with Neanderthal use of pigments,
shell jewellery and feathers, as noted above. The increasingly
elaborate and specialized material environments and contexts
within which these early Neolithic interactions were occurring (a
workshop; a ‘religious’ or ‘special’ communal building etc.), though
opaque to archaeologists, were easily ‘read’ by those familiar with
the social order and allowed interactions to proceed smoothly
despite the social fragmentation that is the inevitable consequence
of group size. Indeed, I argue that such elaborate material cultures
are not a product of, but a prerequisite for, increased social scale,
and this shift from ‘complex’ to ‘complicated’ social performance
(Strum and Latour, 1987) becomes ever more signiﬁcant as social
scale increases with the rise of cities, states and empires. Socio-
logical, geographical and anthropological work in modern cities
demonstrates clearly the enormous signiﬁcance of material culture
environments in structuring human interaction, activity and iden-
tity (e.g. Hillier and Hanson, 1984; Miller, 2008), and the implica-
tions of complex, hierarchical social networks for human
relationships in large-scale societies e both positive (e.g. commu-
nity spirit; ‘big society’) and negative (e.g. the ‘bystander problem’;
papers in Milgram, 1977).
8. Where next?
All of the above inevitably leads to the question of future de-
velopments. Today traditional material culture practices have been
added to by networking technologies speciﬁcally designed to
enhance our networking prowess. Writing; mass printing tech-
nologies; postal services; telegrams; phones; the internet; speciﬁc
software such as Facebook, Twitter and Skype etc. continue to
reduce the costs of networking across huge distances e though it is
notable that the fundamental physiological/cognitive constraints
still seem to apply (Gonçalves et al., 2011; Arnaboldi et al., 2013;
Dunbar et al., 2015). Cloud storage and Wikipedia reduce the
need for individuals to ‘remember’ ‘facts’ and increasingly act as
extended cognitive phenotypes, building on the function of books
to be constantly available and updateable: outsourced external
storage of a species-wide knowledge bank that can be accessed at
will. Are humans evolving towards a single ‘hive mind’? The ram-
iﬁcations are fascinating, with various researchers pointing to both
the strengthening of local communities and increasing global ho-
mogenization of cultures as a result (Robertson, 1995; Albrow et al.,
2003).
Furthermore, withHomo sapiens a globally networked species, is
the next step an extra-global one? How might our evolved
networking skills cope with the challenges of scaling up still
further? With the Mars 1 programme forging ahead (http://www.
mars-one.com/), we need to consider the challenges posed to our
networking skills by the psychological privations of space travel.
The effects of delays in even modern communications technologies
inherent in communication across such enormous distances is one
obvious factor. Once established on a different planet the chal-
lenges only grow more signiﬁcant: human children born on Mars
would be unlikely to be able to return to Earth because of the
physiological effects of reduced gravity onMars and in space during
the long journey times involved e indeed, even Earth-born cos-
monauts would ﬁnd it difﬁcult to return. This could create new
local clusters in the now inter-planetary Homo sapiens network
with potentially signiﬁcant implications for cultural variation and
indeed potentially the development of sub-species. All of this may
seem the stuff of science ﬁction at present, but represent logical and
fascinating developments from the long-term patterns laid out
here. What role e if any e might material culture play in creating
material environments which promote certain psychologies orphysiologies, or in maintaining (or severing) links with far-ﬂung
communities and species?9. Conclusion
In this paper, then, I have argued that the increasing incorpo-
ration of material culture into hominin and human social networks
is fundamental to the scaling-up of those networks in time and
space which has propelled us from just one group of African
savannah-dwelling primate species to the globally dominant and
globally distributed species we are today (I leave out, here, any
discussion of the pros and cons of this development for global
ecosystems more generally). I would argue that increasing reliance
on material culture has enhanced the purely physiological social
cognition afforded by our expanded brains to scaffold social re-
lations and interactions among and between individuals and
groups, establishing the potential for the large-scale co-operation
which has proven fundamental to our survival in tough environ-
ments, and hence to our global expansion.
How might such a long-term process as that identiﬁed here be
studied in more detail? Recent developments in the use of formal
network analysis techniques for the study of long-term cultural and
social developments suggest one potential way forward (Coward,
2010; Knappett, 2013; papers in Collar et al., 2015; papers in
Brughmans et al., in press). However, the Palaeolithic poses a sig-
niﬁcant challenge to such approaches by the simple fact that very
little material culture survives e and indeed, the argument itself
predicts very little use of material culture in the early stages. Thus,
although I do consider the potential of network analysis, particu-
larly in the later Palaeolithic, to be currently underexplored, I would
suggest that modelling and simulation also provide a useful way
forward. We have a good idea of the environmental conditions in
which scaled-up social networks are likely to be adaptivee notably,
challenging poor or seasonal environments e and palaeoecological
data available at sufﬁciently high resolution to allow regional-scale
modelling are increasingly becoming available. Studying how
various ecological parameters such as environmental variability
(for which seasonality/latitude might be used as a proxy) might
affect group size (for which brain size could be used as a proxy), or
social cognition (which might plausibly be guesstimated from
measures of the learning/teaching abilities required tomanufacture
different types of material culture) might not reveal the social
networks of our ancestors themselves. However, it would help
elucidate the geographical and temporal scales over which those
networks may have operated, how and why they have been so
markedly scaled up in space and time over the course of human
evolution, and where such processes may take us next.Acknowledgements
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